We have obtained HST/STIS long slit spectroscopy of the aligned emission line nebulae in three compact steep spectrum (CSS) radio sources -3C 67, 3C 277.1, and 3C 303.1. We find systematic offsets (∼300-500 km s −1 ) of the emission line velocities on one or both sides of the radio sources. We also see evidence for broad lines (FWHM ∼ 500 km s −1 ) and complex emission line profiles. In 3C 303.1 the data are consistent with multiple components and possibly split lines. The amplitude of the velocity variations is not so large as to exclude gravitationally-induced motions. However, the complex kinematics, the lack of a signature of Keplerian rotation, and the association of the velocity variations with the radio lobes are consistent with the observed ∼300−500 km s −1 velocities being driven by the expansion of the radio source. Acceleration of the clouds by the bow shock is plausible given the estimated densities in the clouds and the velocities observed in the much smaller compact symmetric objects and with expansion velocities estimated from spectral ageing. This conclusion is unchanged if we consider the scenario in which the cloud acceleration is dominated by the post bow shock flow.
Introduction
The aligned emission line gas in compact steep spectrum (CSS) sources (deVries et al. 1997 (deVries et al. , 1999 Axon et al. 2000) provides a diagnostic probe of both the environment of the radio source as well as its propagation. We present results obtained from long slit HST/STIS spectra of three CSS sources -3C 67 (G, z = 0.310), 3C 277.1 (Q, z = 0.321), 3C 303.1 (G, z = 0.267). We emphasise that these HST observations provide the high spatial resolution necessary to allow us for the first time to examine the detailed kinematics of the nebulae in CSS sources and address the issue of how these sources propagate through their host galaxy. We note that in powerful FR II sources, the ambient clouds will interact with both the bow shock as well as the post bow shock gas. At the present time it is arguable which has the dominant effect on the cloud kinematics. In Section 3, we summarise work from O' Dea et al. (2002) on constraints on the interaction of the clouds with the radio source bow shock. In Section 4, we present a new analysis of the interaction of clouds with the expanding post bow shock gas. We derive similar constraints on the radio source propagation in both cases.
Results
We have obtained medium dispersion spectroscopy of the [Oiii] λ 5007 line along the radio source axis. The details of the observations are given by O'Dea et al. (2002) . The properties of the [Oiii] λ 5007 emission line as a function of distance from the nucleus (along a slit approximately (1) We find no strong evidence of broad, non-Gaussian components substantially above ∼1500 km s −1 . (2) There is evidence for multiple velocity components in the lines (especially 3C 303.1). (3) There are systematic offsets (∼300-500 km s −1 ) of the gas velocities from the systemic (nuclear) velocity. (4) The velocity offsets in the lobes are asymmetric with respect to systemic (nuclear) velocity. (5) The velocity offsets tend to be abrupt, occurring near the nucleus. (6) The FWHM of the lines is ∼200-300 km s −1 and is not a strong function of position along the source. (7) A comparison with the Baum, Heckman, & van Breugel (1992) sample reveals that the three CSS sources exhibit kinematics which distinguish them from typical, large, low redshift radio galaxies in the sense that the CSS sources tend to have larger values of the side-to-side velocity difference.
Thus, there is evidence to support the hypothesis that the radio source is interacting with the emission line clouds. Next we discuss the implications of the observations in the context of a scenario in which the bow shock of the radio source runs over ambient clouds, shocking them and accelerating them to velocities of a few hundred km s −1 .
Constraints on the Bow Shock
A scenario for cloud acceleration by a strong shock is discussed by McKee and collaborators (Klein, McKee, & Colella 1994) . In this picture, the dense clouds co-exist with a hot T ∼ 10 7 K intercloud medium. We will apply this model to ambient clouds which are overrun by the radio source bow shock.
The pressure difference across the cloud produces a velocity of
where v b is the bow shock expansion velocity and χ = n cl /n ISM is the pre-shock density ratio of the cloud and the ambient medium.
Since we see the line emission covering most of the radio extent of these CSS sources (de Vries et al. 1999) , the clouds must cool in a timescale which is less than some fraction f of the age of the radio source. O'Dea et al. (2002) obtain an upper limit to the velocity a cloud could have (for a given cloud density) and still have had Constraints on bow shock velocity as a function of preshock ratio between cloud and intercloud density χ assuming that cloud acceleration is dominated by the bow shock. The solid line is the upper limit to v b from equation (1) assuming that the cloud is accelerated to no more than 1000 km s −1 , the dotted line is the lower limit to v b from equation (1) assuming that the cloud is accelerated to at least 100 km s −1 , the dot-dash line is the lower limit to v b from equation (1) assuming that the cloud is accelerated to at least 30 km s −1 so that the cloud is shock heated to at least 10 4 K, and the long dashed line is the upper limit to v b from equation (3) based on the requirement that the cloud's cooling time be less than some fraction of the radio source lifetime. The shaded areas are ruled out by the constraints.
time to cool so as to become detectable, where n ′ cl is the density in the post-shock cloud and R is the distance from the nucleus to the end of the radio source:
O'Dea et al. (2002) also obtain a corresponding upper limit on the bow shock advance velocity which permits the cloud to cool in less than some fraction f of the age of the radio source: 
We see that (1) we do not need to know the age of the radio source, and (2) the unknown quantities are taken to small powers. In Figure 4 we plot equation (3) along with upper and lower limits on v b from equation (1) assuming upper and lower limits to cloud velocity of 1000 and 100 km s −1 , respectively. The upper limits on bow shock velocity from the kinematics and the cooling time are in good agreement. The upper and lower limits are consistent with the predicted range of bow shock velocities (from compact symmetric object proper motions and CSS spectral ageing) and with the estimated range of cloud densities from the [Sii] line ratios. Thus, the bow shock acceleration model seems consistent with the existing constraints. The fact that the velocity offsets are relatively constant with distance from the nucleus suggests that the clouds are accelerated to their observed velocities relatively quickly which is also consistent with the bow shock acceleration scenario. Thus, the emission line kinematics are consistent with the view that these CSS sources are young, expanding sources.
Constraints on the Interaction of the Clouds with the Post Bow Shock Gas
As we have shown above, it is plausible that acceleration by the bow shock is sufficient to fully account for the cloud velocities in sources with high bow shock velocities. However, Villar-Martín et al. (1999) and Best, Longair, & Röttgering (2000) have suggested that in some radio sources, the acceleration of the emission line clouds is dominated by the hot shocked gas which expands out behind the bow shock.
Here we consider acceleration of the cloud by the outflowing post bow shock gas. Once the bow shock passes over the cloud, the cloud is entrained in the wind-like expanding post-shock medium. The momentum gained by the cloud due to sweeping up the wind is
where a is the cloud radius, m p is the proton mass, and t accel is the timescale over which the cloud is accelerated (e.g., Klein et al. 1994; Best et al. 2000) . This gives a cloud velocity
where the post-shock cloud density contrast χ ′ is larger by the factor δ, i.e., χ ′ = δχ. Here we assume for simplicity that the compression factor δ is constant, though it is really a function of time in the post-shock cloud due to radiative cooling (e.g., Koekemoer 1996; Dopita & Sutherland 1996 ). An upper limit to v cl is obtained by requiring that the acceleration timescale t accel is less than some fraction of the radio source lifetime ft rs . This gives
where for our illustrative calculations we mainly assume a small value for the radio source size (5 kpc) since these sources will mainly interact with dense clouds on the scale of their host galaxy ISM. Thus, if the clouds are accelerated primarily by the post bow shock flow, there is a natural upper limit to the maximum observable cloud velocity which is due to the finite age of the relatively young radio source. However, both f and v b could easily be larger than we have assumed, raising the upper limit by a factor of at least a few. Note that unlike in equation (2) where the dependence on the parameters is weak, in equation (6) the dependence on the parameters is linear, allowing a stronger test of the scenario. Klein et al. (1994) estimate that such a cloud is accelerated to a large fraction of the wind velocity in a timescale which is a few times the shock crossing time of the cloud (also called the cloud crushing time)
yr. (7) The cloud radius is poorly determined, but constraints from 21 cm Hi measurements in PKS 2322-123 suggest a range ∼0.01-10 pc (O'Dea, Baum, & Gallimore 1994) . Taking this range for a and the ranges for χ ′ and v b estimated above gives the range for the cloud crushing time t cc ∼ 10-10 6 yr, where the time is longer for the larger, denser clouds and slower bow shocks. Thus, for most sources, the acceleration time is short compared to the lifetime of the radio source.
If we require that the post bow shock flow accelerate the clouds to a velocity v cl = 1000 km s −1 within a time which is less than some fraction of the radio source lifetime (t accel <ft rs ), we obtain a lower limit to the bow shock velocity 
We assume that the clouds are heated and ionised by the bow shock. The shocks heat the clouds to the temperature
(e.g., Taylor, Dyson, & Axon 1992; Sutherland, Bicknell, & Dopita 1993 ). An approximation to the cooling time of the shocked gas is
T cl 10 6 3/2 yr, (10) (e.g., Taylor et al. 1992 ), and we have used n ′ cl to denote densities in the post-shock cloud. Klein et al. (1994) suggest that the clouds will be subsequently destroyed by instabilities generated in the post bow shock wind on a timescale similar to the cloud crushing time. Note that Klein et al. (1994) consider non-radiative clouds. However, the clouds in these radio (8), the dotted line is the upper limit on v b from equation (11). These constraints assume v cl = 500 km s −1 , f = 0.1, ζ = 10, a = 1 pc, δ = 10, and n ISM = 0.1cm −3 . The shaded area is ruled out by the constraints.
galaxies are clearly cooling and radiating. The increase in density due to the cooling will tend to increase the cloud lifetime (equation (7)). Thus, the cloud lifetime against shredding will be larger than t cc by some factor ζ . We require that the cloud cooling time is less than the cloud destruction time (i.e., t cool <ζt cc ), so that the clouds are visible in emission lines before they are destroyed. Then, from equations (10) and (7) we obtain the following upper limit to the bow shock velocity: 
Note that there are several additional parameters in the post bow shock flow scenario compared with the bow shock scenario so it should be easier to find a suitable region of parameter space. In Figure 5 we show the constraints on bow shock velocity from equations (8) and (11) for a potentially plausible choice of parameters. We see that for this choice of parameters the post bow shock flow is able to produce the observed cloud velocities for plausible values of the bow shock velocity. We note that there is considerable overlap in the range of required bow shock velocity in the bow shock only (Fig. 4) and post bow shock flow (Fig. 5) scenarios. Thus, adopting the post bow shock wind scenario does not necessarily alter the conclusion that these CSS radio sources are expanding rapidly and are likely to be young sources.
